Previous studies have demonstrated that chronic brain hypoperfusion (CBH) causes A␤ aggregation by upregulating expression of amyloid precursor protein (APP) and ␤-site APP cleaving enzyme 1 (BACE1) protein, which is accompanied by cognitive impairment, but the mechanisms are not fully understood. In this study, we evaluated the effect of microRNA on memory impairment in rats induced by CBH. We show here that CBH generated by bilateral common carotid artery occlusion (2VO) significantly decreased the learning and memory ability in rats, as assessed by Morris water maze, and upregulated expression of APP and BACE1 proteins in the hippocampus and cortex of rats, as evaluated by Western blot and immunofluorescence. In reciprocal, qRT-PCR analysis showed that microRNA-195 (miR-195) was downregulated in both the hippocampus and cortex of rats following CBH, and in the plasma of dementia patients. APP and BACE1 proteins were downregulated by miR-195 overexpression, upregulated by miR-195 inhibition, and unchanged by binding-site mutation or miR-masks, indicating that APP and BACE1 are two potential targets for miR-195. Knockdown of endogenous miR-195 by lentiviral vector-mediated overexpression of its antisense molecule (lenti-pre-AMO-miR-195) elicited dementia in rats, whereas overexpression of miR-195 using lenti-pre-miR-195 reduced dementia vulnerability triggered by 2VO. Additionally, chromatin immunoprecipitation analysis showed that NFB was bound to the promoter region of miR-195 and inhibited its expression. We conclude that miR-195 may play a key role in determining dementia susceptibility in 2VO rats by regulating APP and BACE1 expression at the post-transcriptional level, and exogenous complement of miR-195 may be a potentially valuable anti-dementia approach.
Introduction
The incidence of clinical dementia throughout the world is increasing as the population ages. Alzheimer's disease (AD) accounts for ϳ60% and vascular dementia (VaD) accounts for ϳ30% of the prevalence. Though they are classified as different subtypes, AD and VaD share common risk factors, indicating that their etiology is somehow related (Cole and Vassar, 2009 ). Currently, chronic brain hypoperfusion (CBH) is considered as a preclinical condition of mild cognitive impairment and is thought to precede dementia (Ruitenberg et al., 2005; Gorelick et al., 2011) . However, how CBH produces dementia is largely unknown. Previous studies have demonstrated that CBH could induce cognitive impairment accompanied by amyloid-␤ (A␤) aggregation (Kitaguchi et al., 2009; Zhiyou et al., 2009 ), but the mechanisms are not fully understood.
Recent studies reported that microRNAs (miRNAs) can regulate amyloid precursor protein (APP) and ␤-site APP cleaving enzyme 1 (BACE1) expressions. miR-298, miR-328 (Boissonneault et al., 2009) , miR-107 ), miR-29a/b-1, miR-9 (Hébert et al., 2008 , and miR-29c (Zong et al., 2011) were found to target the BACE1 gene and to be decreased in their expression in AD transgenic animals or AD patients. APP was identified as a target for miR-16, the expression of which is decreased in senescenceaccelerated transgenic mice (Liu et al., 2012) . In addition, miR-17-5p, miR-20a (Hébert et al., 2009), and miR-101 (Long and Lahiri, 2011) were reported to regulate the expression of APP in human cell lines, and miR-124 modulated APP mRNA alternative splicing (Smith et al., 2011) . Though these studies revealed the participation of miRNAs in the process of AD pathology, some important issues related to this novel mechanism remained unclear. Whether the downregulated miRNAs identified in AD transgenic mice models or AD patients were indeed caused by AD is still unresolved. What factors cause downregulation of these miRNAs in AD transgenic mice models and AD patients? What pathophysiological roles do deregulated miRNAs play? More of an issue of concern is that CBH not only is a common risk factor of AD and VaD, but is also accompanied by APP/BACE1 upregulation (Bennett et al., 2000; Cole and Vassar, 2009 ). Understanding how CBH produces dementia through upregulation of APP and BACE1 by miRNAs is particularly interesting.
By computational analysis of miRNAs that have the potential to target both APP and BACE1 3Ј untranslated region (3ЈUTRs) using Targetscan and Pictar database, we identified that the miR-195/15b/16 miRNA family members are miRNAs that carry their binding sites in the 3ЈUTR of both APP and BACE1 genes. Aberrant expressions of miR-15b and miR-16 have been reported to play an important role in cancers, cardiovascular disease, and AD progression (Finnerty et al., 2010; Wang et al., 2011; Liu et al., 2012) . Downregulation of miR-195 expression has been observed in various types of cancers (Soon et al., 2009; Xu et al., 2009; Ujifuku et al., 2010) , in which miR-195 acts in a tumorsuppressor role. More importantly, a previous study reported that miR-195 regulates BDNF and alters the expression of downstream GABAergic transcripts in schizophrenia (Mellios et al., 2008) , suggesting potential effects of miR-195 in CNS. However, the possible roles of miR-195 in dementia have not been studied. We hypothesized that CBH can develop into dementia through inhibition of miR-195/15b/16 expression, which in turn upregulates the expression of both APP and BACE1 proteins at the posttranscriptional levels.
Materials and Methods
Animals. Male Sprague Dawley (SD) rats (weight 220 -260 g, obtained from the Animal Center of the Second Affiliated Hospital of Harbin Medical University, Harbin, Heilongjiang Province, China) were housed at 23 Ϯ 1°C with 55 Ϯ 5% of humidity and maintained on 12 h dark/light artificial cycle (lights on at 7:00 A.M.) with food and water available ad libitum. Rats for creating permanent, bilateral common carotid artery occlusion (2VO) and stereotaxic injection of the lentiviral vectors were anesthetized with chloral hydrate (300 mg/kg) by intraperitoneal injection and maintained by administrating 0.5-1.0% isoflurane. The depth of anesthesia was monitored by detecting reflexes, heart rate, and respiratory rate. Samples for quantitative real-time (qRT)-PCR, Western blot assay, immunofluorescence staining, and ELISA analysis were obtained from the hippocampus and/or cortex of rats after they had been anesthetized with chloral hydrate (500 mg/kg, i.p.) followed by confirmation of death by exsanguination. Tissues for primary neuron culturing were from neonatal SD rats after administration of 20% isoflurane and confirmation of death by cervical dislocation. All animal procedures were approved by the Institutional Animal Care and Use Committee at Harbin Medical University (No. HMUIRB-2008-06 ) and the Institute of Laboratory Animal Science of China (A5655-01). All procedures were conformed to the Directive 2010/63/EU of the European Parliament.
Permanent, 2VO in the rat. The method for preparation of 2VO rat was according to the study reported by Kumaran et al., (2008) . Briefly, after being anesthetized, the bilateral common carotid arteries of rats were exposed via a midline ventral incision, carefully separated from the vagal nerves, and permanently ligated with 5-0 silk suture. The wounds were then sutured and rats were allowed to recover from anesthesia before being returned back to their cages. The extent of cerebral ischemia was evaluated at 1 and 8 weeks post 2VO. Briefly, the brains of rats were immediately removed, cut into 2 mm sections, then immersed sequentially into a phosphate-buffered 2% 2,3.5-triphenyltetrazolium chloride (TTC) solution at 37°C for 30 min, and then fixed in phosphate-buffered 4% paraformaldehyde (PFA) solution at 4°C.
Morris water maze. The Morris water maze (MWM) consisted of a black circular pool of 2.0 m diameter, filled with opaque water (25 Ϯ 1°C) via addition of black food pigment. A submerged escape platform (20 cm diameter platform, top surface 2.0 cm below water level) was located in the center of the first quadrant. Before training, the pupillary light reflex of all rats was tested and rats with impaired pupillary light reflex were excluded from the experiment to avoid the influence of the animal's vision on the test (Stevens et al., 2002) . For cued training (three trials per day for 5 d), the rats were released into the water facing the side walls, and each rat was allowed 120 s to find the platform, otherwise, they were guided to the platform and permitted to rest for at least 20 s. After the last cued trial of day 5, the platform was removed from the pool and each rat received one 120 s swim probe trial on day 6. Escape latency (s), length of swim path (cm), swim speed (cm/s), the times of crossing platform, and the percentage of swimming distance in target quadrant in total distances of the pool were monitored using an online DigBehav-Morris water maze Video Analysis System (Mobile Datum Software Technology).
Human blood sample preparation. Patients (average age: 82 Ϯ 4 years old) from the First and Second Affiliated Hospital of Harbin Medical University diagnosed with VaD were recruited in the hospital based on the criteria of the National Institute of Neurological and Communicative Disorders (Sarazin et al., 2012) . Written consent was obtained from all subjects, and the study protocol was approved by the Ethics Committee of Harbin Medical University.
For miRNA and A␤ quantification, whole blood samples (3 ml per patient) were collected from subjects via a direct venous puncture into a vacuum blood collection tube with sodium citrate. Whole blood samples of 0.5 ml were carefully transferred into an RNase-free tube for extraction of RNA. The remnant of the blood sample was used for ELISA analysis.
Sandwich ELISA analysis. Preparation of samples used for ELISA analysis has been described previously (Lazarov et al., 2005; Bales et al., 2009; Meilandt et al., 2009) . Frozen tissue from unilateral hippocampus samples were homogenized in Tris-buffered saline (TBS) containing protease inhibitors at 4°C for 30 min. Extracts were centrifuged at 100,000 ϫ g for 1 h at 4°C. The supernatant representing the TBS-soluble fraction (A␤-TBS) was collected. The resultant pellet was resuspended and sonicated in radioimmunoprecipitation assay (RIPA), and incubated at room temperature for 90 min. The RIPA-solubilized homogenates were centrifuged at 100,000 ϫ g for 1 h at 4°C. The supernatant representing the RIPA-soluble fraction (A␤-RIPA) was collected. The insoluble pellets were resuspended in 5 M guanidine HCl, pH 8.0, sonicated for 15 s, and incubated at 4°C for 90 min. The extracts were used to evaluate the insoluble A␤. The level of insoluble or soluble A␤ was captured by monoclonal antibody BNT77, recognized by horseradish peroxidaseconjugated antibody specific for A␤ 40 (BA27) and A␤ 42 (BC05), quantified by using commercial A␤ 1-42 and A␤ 1-40 Kits (Wako Pure Chemical; catalog #292-64501, #294-64701), and finally analyzed according to the instructions of the kits.
For plasma A␤ level detection, briefly, blood collected in a vacuum blood collection tube with sodium citrate was centrifuged at 5000 ϫ g, 4°C for 5 min to separate plasma from whole blood. A total of 0.2 ml plasma was diluted with 0.6 ml standard diluent. Captured A␤ was quantified and analyzed according to the instruction of the kits (Wako Pure Chemical; catalog #292-64501, #294-64701).
Primary hippocampal and cortical neuron cultures. The hippocampal and cortical regions were removed from postnatal day 0 rat pups. After tissues were dissected and triturated, they were plated onto cell plates precoated with 10 g/ml poly-D-lysine (Sigma) and cultured in culture media containing neurobasal medium (Invitrogen) with 2% B27 supplement (Invitrogen) and 10% fetal bovine serum (FBS; HyClone). After 3 d, the neurons were treated with 5 M cytosine arabinoside (Sigma) to inhibit astrocyte proliferation. For all experiments, the neurons were used 5-7 d after plating. mimics (sense: 5Ј-UAGCAGCACAGAAAUAUUGGC-3Ј; antisense: 5Ј-CAAUAUUUCUGUGCUGCUAUU-3Ј) and (5Ј-GCCAAUAUUUCUGUGCUGCUA-3Ј) were synthesized by Shanghai GenePharma. AMO-195 contains 2Ј-O-methyl modifications. In addition, a scrambled RNA was used as a negative control (NC) (sense: 5Ј-UUCUCCGAACGUGUCACGUAA-3Ј and antisense: 5Ј-ACGUGA CACGUUCGGAGAAUU-3Ј). The BACE1 and APP-masking antisense oligodeoxynucleotides (ODNs) were synthesized by Shanghai Sangon Biological Engineering Technology and Service. BACE1 masking antisense-ODN-1 was 5Ј-AAGCAGCAACAUUUCCAACTC-3Ј, which masks the binding sites of miR-195 located in position 266 -272 of BACE1 3ЈUTR; BACE1 masking antisense-ODN-2 was 5Ј-AGCCAGAG CAGCCCCAGUGCA-3Ј, which masks the binding sites of miR-195 located in position 1795-1801 of BACE1 3ЈUTR; APP masking antisense-ODN was 5Ј-AAGCAGCAAUCUGUACAGUAA-3Ј, which masks the binding sites of miR-195, located in position 562-568 of APP 3ЈUTR; five nucleotides or deoxynucleotides at both ends of the antisense molecules were locked by a methylene bridge connecting between the 2Ј-O-and the 4Ј-C atoms.
Synthesis of miR
Transfection procedures. Then 75 pmol/ml miR-195 and/or AMO-195, ODNs, or NC siRNAs were transfected into neonatal hippocampal and cortical neurons with X-treme GENE siRNA transfection reagent (catalog #04476093001; Roche) according to the manufacturer's instructions. Forty-eight hours after transfection, cells were collected for total RNA isolation or protein purification.
Construction of lentivirus vectors. Using the BLOCK-iT pol II miR RNAi expression vector with the EmGFP kit from Invitrogen, three single-stranded DNA oligonucleotides were designed as follows: (1) premiR195 ("top strand" oligo: tgctgTAGCAGCACAGAAATATTGGCG TTTTGGCCACTGACTGACGCCAATATCTGTGCTGCTA) and its complementary chain ("bottom strand" oligo: cctgTAGCAGCACAGA TATTGGCGTCAGTCAGTGGCCAAAACGCCAATATTTCTGTGCTG CTAc); (2) pre-AMO-miR195 ("top strand" oligo: tgctgGCCAATATTT CTGTGCTGCTAGTTTTGGCCACTGACTGACTAGCAGCAGAAATA TTGGC) and its complementary sequence ("bottom strand" oligo: cctgG CCAATATTTCTGCTGCTAGTCAGTCAGTGGCCAAAACTAGCAGC ACAGAAATATTGGCc); and (3) negative control ("top strand" oligo: tgctgAAATGTACTGCGCGTGGAGACGTTTTGGCCACTGACTGA CGTCTCCACGCAGTACATTT) and its complementary sequence ("bottom strand" oligo: cctgAAATGTACTGCGTGGAGACGTCAGTC AGTGGCCAAAACGTCTCCACGCGCAGTACATTTc). We then cloned the double-stranded oligonucleotides generated by annealing the top and bottom strand oligos into the pcDNA6.2-GW/Ϯ EmGFP-miR vector and transformed the ligated constructs into competent Escherichia coli. After the colony was purified and identified as the correct expression clone, the pre-miRNA expression cassette was transferred to the Gateway adapted destination vectors using Pol II promoters to form a new miRNA expression clone containing attR substrates. The vector was identified after analyzing the plasmid sequence (Invitrogen). The titers of lenti-premiR-195 and lenti-pre-AMO-miR-195 vectors used for experiments were 1.05 ϫ 10 8 transducing U/ml and 7.0 ϫ 10 7 transducing U/ml, respectively. Virus suspensions were stored at Ϫ80°C until use and were briefly centrifuged and kept on ice immediately before injection.
Stereotaxic injection of the lentiviral vectors. After anesthesia, rats were placed into a stereotaxic frame (RWB Life Science). Injection coordinates relative to the bregma were as follows: anteroposterior, Ϫ4.52 mm; mediolateral, Ϯ3.2 mm; dorsoventral Ϫ3.16 mm below the surface of dura using coordinates derived from the atlas of Paxinos and Watson (1997) . Two microliters (10,000 TU/l) lenti-pre-miR-195 and/or lenti-pre-AMO-miR-195 were injected into CA1 of hippocampus using a 5 l Hamilton syringe with a 33 gauge tip needle (Hamilton). The needle was then maintained in the place for another 2 min after injection and then withdrawn very slowly to prevent backflow of solution. The accuracy of injection sites was identified by the Evans blue (Sigma) stereotaxic injection directly into the hippocampus CA1 subfield.
Lipopolysaccharide treatments. Lipopolysaccharide (LPS), purchased from Sigma Chemical, was dissolved in neurobasal medium to create a 100 g/ml stock solution and stored at Ϫ20°C. When the cells had been cultured 5 d in vitro, they were exposed to fresh culture media with or without 10 g/ml of LPS for the time period to be indicated.
Dual Luciferase reporter assay. HEK293T cells (plated at 40 -50% confluence) were transfected with 20 mol/L miR-195,  or NC siRNAs as well as 0.5 g of psi-CHECK-2-target DNA (firefly luciferase vector) and 1 l of blank plasmid using Lipofectamine 2000 (Invitrogen) transfection reagent according to the manufacturer's instructions. After 48 h of transfection, luciferase activities were measured with a dual luciferase reporter assay kit (catalog #E1910; Promega) and luminometer (GloMax 20/20; Promega). Nucleotide-substitution mutagenesis was performed using direct oligomer synthesis for the 3ЈUTRs of APP, BACE1-binding site 1 and BACE1-binding site 2. All constructs were sequence verified.
Chromatin immunoprecipitation assay. Primary neurons were cultured as described above. The medium for the cultured neurons was replaced by fresh neurobasal medium with 2% B27 and 10% of FBS (HyClone) once every 3 d. The NFB protein expression was initially detected by Western blot with antibodies against p65 (ab7970; Abcam). Chromatin immunoprecipitation assay (ChIP) was performed with the imprint ChIP assay kit (catalog #26156; Pierce Thermo Fisher Scientific) according to the manufacturer's instructions. The PCR primers (miR-195 ChIP Forward (F) primer 1: 5Ј-TGGGGTGAGGAATGTAGTGTTG-3Ј, miR-195 ChIP Reverse (R) primer 1: 5Ј-GGTCCCCTATTTTGAAAGGAGC-3Ј, miR-195 ChIP F2: 5Ј-CTTAGGTCCCTGCCTCTGTCG-3Ј, miR-195 ChIP R2: 5Ј-GAACAACAAAATCGGGAACCAGC-3Ј) were designed to amplify 296 and 201 bp fragments, respectively, from selected genomic regions, respectively. RT-PCR of genomic regions containing the putative NFB-binding sites was performed in triplicate. Cycling parameters were 98°C for 5 min, followed by 35 cycles of 98°C for 30 s, 55°C for 20 s, 68°C for 20 s, and 72°C for 5 min. Amplification of the negative control construct, a 213 bp fragment spanning selected genomic regions, was performed with oligos 5Ј-CCAGCTCACGAGGGCCTCGG-3Ј and 5Ј-CAGCCGCCCAGACCAAATGG-3Ј. The relative occupancy of the immunoprecipitated factor at a locus was estimated by using the comparative threshold method.
qRT-PCR. Total RNA was purified with the Trizol Reagent (Invitrogen), according to the manufacturer's instructions. MiR-195 level was quantified by the TaqMan MicroRNA Reverse Transcription Kit (catalog #4366596, ABI; Roche) and TaqMan Gene Expression Master Mix (catalog #4369016; Applied Biosystems). APP and BACE1 mRNA levels were quantified by the High Capacity cDNA Reverse Transcription Kit (catalog #4368814, ABI; Roche) and the TaqMan Gene Expression Master Mix (catalog #4369016; Applied Biosystems). U6 or ␤-actin was used as an internal control. The TaqMan qRT-PCR probes and primers for miR-195 (catalog #4427975, ID: 000494), BACE1 (catalog #4331182; ID: Rn00569988_m1), APP (catalog #448892; ID: Rn00570673_ml), U6 (catalog #4427975; ID: 001973), and ␤-actin (catalog #4331182, ID: Rn00667869_ml) mRNA levels were designed by Applied Biosystems. qPCR was performed on a thermocycler ABI Prism 7500 fast (Applied Biosystems), and the protocol was as follows: (1) 95°C, 10 min; (2) 95°C, 15 s; (3) 60°C, and 1 min (repeat (2) and (3) for 40 cycles). Results were normalized against the internal control using the ␦-␦ CT method.
Western blot. Total protein samples were extracted from hippocampus and prefrontal cortex of rats or primary cultured neurons for immunoblotting analysis. The nuclear protein was extracted using the kit from Beyotime Institute of Biotechnology according to the manufacturer's instructions. Protein concentrations from all extractions were measured using the Bio-Rad Protein Assay (Bio-Rad) in conjunction with bovine serum albumin standards. Protein samples (60 g) were fractionated by SDS-PAGE gel then transferred to PVDF membrane. Anti-BACE1 antibody (catalog #ab2077; 1:1000; Abcam), anti-APP antibody (catalog #MAB348 -100 l; 1:1000; Millipore), anti-NFB antibody (catalog #sc-372; 1:200; Santa Cruz Biotechnology), and anti-lamin B antibody (catalog #sc-6216; Santa Cruz Biotechnology) were used. Western blot bands were captured on the Odyssey Infrared Imaging System (LI-COR Biosciences) and quantified with Odyssey v1.2 software by measuring the band intensity (area ϫ OD) in each group and normalizing to the internal control.
Immunofluorescence detection. Rats were anesthetized with 10% chloral hydrate (500 mg/kg, i.p.) and perfused transcardially with 4% buff-ered PFA, pH 7.4. The brains were removed, dehydrated and frozen in OCT, and 20 m sections were mounted on glass slides. After blocking, sections were incubated with the primary antibodies anti-MAP2 antibody (catalog #ab11267; 1:200; Abcam), anti-GFAP antibody (catalog #ab7260; 1:500; Abcam), anti-BACE1 antibody (catalog #ab2077; 1:1000; Abcam), or anti-APP antibody (catalog #MAB348 -100 l; 1:1000; Millipore) overnight at 4°C, and then the brain slices were washed and incubated with the secondary antibodies conjugated to Alexa Fluor 488 and Alexa Fluor 594 (Invitrogen) for 1 h at room temperature.
Statistical analysis. Data were described as mean Ϯ SEM. Quadrant-by-quadrant and day-by-day between-group's comparisons were performed using factorial ANOVA (splitplot design). Post hoc analyses of significant main effects were further examined using Fisher's PLSD tests. The two-tailed Student's t test was applied for comparisons between the two groups; p Ͻ 0.05 was considered statistically significant. SAS 9.1 software (Serial number: 989155; Institute Inc.) was used for all statistical analyses.
Results

Rat model of dementia induced by CBH generated by 2VO
We developed a rat model of CBH by 2VO for 8 weeks to produce the dementia phenotype (Farkas et al., 2007) . With the model, we first analyzed cerebral ischemia of rats by TTC staining. The result showed that the CBH phenotype lasted for at least 8 weeks following 2VO (Fig. 1A) . Using the MWM test (Vorhees and Williams, 2006), we found that the ability of spatial learning and memory was significantly impaired in 2VO rats compared with agematched SD rats. First, after guiding a direct path to the hidden platform located in the first quadrant from the second quadrant of the tank, the 2VO rats had longer latency to navigate to the hidden platform than sham rats after starting from the third and fourth quadrant on day one ( Fig. 1B; for groups: F (1,17) ϭ 24.55, p Ͻ 0.0001; for quadrants: F (2,51) ϭ 19.34, p Ͻ 0.0001; for groups ϫ quadrants: F (2,51) ϭ 4.91, p ϭ 0.0112), indicating that 2VO rats are unable to learn to use cues as navigational guides. Second, in learning trial, the 2VO rats also took more time to find the hidden platform after they had been released into the tank in all of the three nontarget quadrants day by day (Fig. 1C-E ; for groups: F (1,17) ϭ 32.67, p Ͻ 0.0001; for days F (4,68) ϭ 18.35, p Ͻ 0.0001; for groups ϫ training days: F (4,68) ϭ 0.77, p ϭ 0.5477). The results suggested that 2VO rats have the decreased ability to combine cues with memory to reach the target. In addition, in the probe trial, 2VO rats showed reduced platform crossings (6.3 Ϯ 0.29 and 3.8 Ϯ 0.23 times in Sham and 2VO groups, respectively, p Ͻ 0.05 vs Sham). Further, the percentage of swimming distance in the target quadrant reduced to ϳ28% in 2VO rats from ϳ34% in Sham group (p Ͻ 0.05 vs Sham). These results indicate memory impairment of 2VO rats compared with Sham groupintheprobetrial (Fig.1F) .Thedecreasedmicrotubule-associated protein 2 (MAP2) and increased glial fibrillary acidic protein (GFAP) expressions were used as hallmarks of dementia induced by cerebral hypoperfusion (Cechetti et al., 2012) . In line with this notion, our immunofluorescence staining showed lower MAP2 expression (red) and higher GFAP level (green) in the hippocampus of 2VO rats than that in age-matched sham rats (Fig. 1G) . These changes are consistent with the typical dementia induced by CBH.
Western blot analysis showed that protein levels of APP and BACE1 in the hippocampus and cortex of 2VO rats were increased by Ͼ1.5-fold relative to Sham rats ( Fig. 2A) . These results were further supported by the increased immunofluorescence densities of both APP (red) and BACE1 (green) in the cortex, CA1, and dentate gyrus (DG) subfield of the hippocampus (Fig.  2B ), though APP mRNAs was not changed nor were BACE1 mRNA levels even decreased in 2VO rats compared with Sham rats (Fig. 2C ). In addition, A␤ 40 is a more abundant proteolytic product of APP than A␤ 42 , which is processed by ␥-secretase (Esler and Wolfe, 2001; Jacobsen and Iverfeldt, 2009 ). In the present study, we found that the soluble A␤ 40 level in the hippocampus was decreased 23.59 Ϯ 1.12 pmol/L in 2VO rats from 37.59 Ϯ 3.66 pmol/L in Sham group rats, but there was no change in its insoluble form between the two groups (Fig. 2D) , whereas Learning and memory deficits of rats with 2VO assessed by MWM test. A, Characterization of cerebral ischemia in a coronal section after 2VO for 1 week (1W) and 8 weeks (8W). TTC staining was used to identify the brain ischemia. Red represents normal tissue and white represents infarct tissue. B, Comparison of average escape latency to find the platform for Sham group and 2VO group from other three nontarget quadrants (Q) starting trials at training day 1. n ϭ 10 for Sham group, n ϭ 9 for 2VO group, mean Ϯ SEM (same below). C-E, Mean daily latencies to escape from the start point onto the hidden platform in Q2, 3, and 4. n ϭ 10 for Sham group, n ϭ 9 for 2VO group. F, Representative path tracings of the probe test on day 6 in the MWM test for each group. Typical swimming patterns signed by tending to target quadrant in Sham rats, while random-type swimming paths were found in 2VO rats. G, Characterization of cell assessment in the hippocampus from 2VO and Sham rats by immunofluorescence staining. Neuron marker MAP2 was stained in red and astrocyte marker GFAP was stained in green. Scale bar, 300 m.
the total content of A␤ 40 in the plasma was significantly increased ( Fig. 2F; 69 .50 Ϯ 8.6 and 81.62 Ϯ 5.03 pmol/L in 2VO and Sham groups, respectively), as determined by ELISA. Since A␤ 42 is considered to be a neurotoxic product of endoproteolysis of APP (Rosner et al., 2006), we measured A␤ 42 levels in both the hippocampus and plasma. We found that the level of insoluble A␤ 42 levels in the hippocampus of 2VO rats was increased into 9.41 Ϯ 0.41 pmol/L from 5.83 Ϯ 0.36 pmol/L in Sham rats, although its soluble level was unchanged (Fig. 2E ). In line with this result, the total A␤ 42 level was also increased in plasma of 2VO rats (Fig. 2F ) . Importantly, the ratio of A␤ 42 /A␤ 40 was significantly increased in both the hippocampus (soluble: 0.19; insoluble: 0.27) and plasma (0.12) relative to that in control group (hippocampus: soluble: 0.12; insoluble: 0.16. plasma: 0.09). These results suggest that enhanced ␤-cleavage of APP may participates in the process of abnormal amyloidogenesis in 2VO rats (Yin et al., 2007) .
MiR-195 targets APP and BACE1
The fact that the APP and BACE1 protein levels were increased while the mRNA level of APP was unchanged and BACE1 mRNA was even decreased in both the hippocampus and cortex suggests that a post-transcriptional regulatory mechanism might account for the observed changes. To test this notion, we conducted computational analysis using the miRNA databases Targetscan and Pictar to identify the candidate miRNAs that have the potential to regulate the expression of both APP and BACE1. In this way, the miR-195/15b/16 cluster (Fig. 3A) was picked up for our experimental studies. Our qRT-PCR analysis showed that miR-195, a highly conserved transcript among species (Guo et al., 2010) , was downregulated into ϳ60% of Sham rats in both the hippocampus and the cortex (Fig. 3B) , while levels of miR-15b and miR-16 were not significantly changed (Fig. 3C,D) . To elucidate whether the decreased miR-195 has potential clinical significance, seven patients who were diagnosed with VaD according to clinical diagnosis standard were recruited for our study. As illustrated in Figure 3E , the plasma concentration of A␤ 42 was significantly increased in VaD patients compared with control group. The A␤ 40 level displayed a similar tendency but did not reach statistical significance (Fig. 3E) . Further, we found that miR-195 level in blood from VaD patients was decreased by ϳ50% of the control group ( p Ͻ 0.05 vs non-VaD patients, n ϭ 7), indicating that miR-195 may also be involved in the pathophysiology of human dementia.
To experimentally verify APP and BACE1 as targets of miR-195, we first cloned the full length of the 3ЈUTRs of APP or BACE1 containing the miR-195 binding sites into the luciferase-expressing reporter plasmid, and then assessed the effects of miR-195 on reporter activities in HEK293T cells. As shown in Figure 4 , A and B, cotransfection of miR-195 with the plasmid consistently produced less luciferase activities than transfection of the plasmid alone, whereas mutation of the binding sites abolished the effect of miR-195. Application of 2Ј-O-methyl antisense oligoribonucleotides to eliminated the silencing effect of miR-195 on APP genes (Fig. 4B ). There were two binding sites of miR-195 in the 3ЈUTR of BACE1 (Fig. 4C ). As displayed in Figure 4 , D and E, miR-195 significantly inhibited luciferase activities of BACE1 (Fig. 4D) . Both of the binding sites contributed to the repressive effects. Mutations in the site BACE1-1:266 -272 bp and the site BACE1-2:1795-1808 bp reduced the repressive effects on luciferase activities by 20 and 23%, respectively.
To observe whether changes of miR-195 could affect APP and BACE1 expression in neurons, miR-195 and AMO-195 were transfected by X-treme GENE siRNA transfection reagent into cultured neonatal rat neurons (NRNs). The successful transfection of miR-195 and AMO-195 into NRNs was verified by qRT-PCR (Fig. 5A) . Using immunoblotting and immunofluorescence analyses with cultured NRNs (Fig. 5B-D) , we observed that miR-195 effectively inhibited the expression of both APP and BACE1 by nearly 60% relative to control group, whereas the scrambled NC miRNA failed to affect the protein levels. In contrast, AMO-195 rescued the downregulation of both APP and BACE1 elicited by miR-195, indicating the sequence specificity of miR-195 actions. The mRNA levels of both APP and BACE1 after transfection with miR-195, were unchanged (Fig. 5E ). To verify that the observed changes of APP and BACE1 in cultured neurons transfected with miR-195 were the direct actions of miR-195, the miRNA-masking antisense ODNs (miR-masks) technique was used as previously reported (Choi et al., 2007 ). An miR-mask is an antisense ODN fragment designed to fully base pair to a protein-coding mRNA at the sequence motif spanning the binding site for an endogenous miRNA of interest (Fig. 5F ). Since an miR-mask only acts on the target gene with minimal effects on other target genes that may also be targeted by a same miRNA, the anti-miRNA action of an miR-mask is gene specific. In this study, we designed three miR-195-masks that can base pair the miR-195 binding sites in the 3ЈUTRs of APP and BACE1 genes, which are labeled APP-ODN, BACE1-ODN1, and BACE1-ODN2. As expected from their principle of action, these miR-masks, unlike AMO-195, did not affect miR-195 level when cotransfected with miR-195. APP-ODN blocked the repressive effects of miR-195 on APP but did not affect its effects on BACE1 (Fig. 5G) . On the other hand, when cells were cotransfected with miR-195 and BACE1-ODN1 or BACE1-ODN2, downregulation of BACE1 by miR-195 was prevented without affecting APP expression (Fig. 5H ) .
Knockdown of miR-195 elicits learning and memory deficits
Upregulation of APP and BACE1 due to miR-195 suppression is expected to promote dementia. To test this notion, 2.0 l of anti-miR-195 oligonucleotide fragment carried by lentivirus vector (lenti-pre-AMO-miR-195) was stereotaxically injected directly into the bilateral hippocampus CA1 subfields for each rat. The injection sites were visualized by Evans blue injection (Fig.  6 A) . Application of lenti-pre-AMO-miR-195 resulted in significantly lower expression of miR-195 (Ͼ50%) in the hippocampus of rats after 8 weeks than the rats pre-injected with the NC oligonucleotide (Fig. 6B) . In addition, miR-195 downregulation was not limited to the hippocampus, but was also seen in the cortex, suggesting that injected lenti-pre-AMO-miR-195 in the hippocampus can be somehow transferred to the cortex (Fig. 6B) . As shown in Figure 6C , by MWM test, loss of function of miR-195 resulted in a prolonged latency to navigate to the hidden platform on day 1 after injection ( post hoc analyses, AMO-195 vs NC, Q2: F (2,37) ϭ 1.190, p ϭ 0.328; Q3: F (2,37) ϭ 4.499, p Ͻ 0.05; Q4: F (2,37) ϭ 7.265, p Ͻ 0.05), which was partially reversed by combination with lenti-pre-miR-195 ( post hoc analyses, p Ͻ 0.05) . By analyzing the latency to the platform day by day, the lenti-pre-AMO-miR-195 rats took a longer time to find the platform compared with the NC-treated animals, and lenti-pre-miR-195 reversed the prolonged latency to the platform of rats following lenti-pre-AMO-miR-195 injection ; and AMO ϩ miR-195 groups, respectively), the percentage of swimming distance in the target quadrant relative to the total distance was markedly improved from ϳ30 to ϳ35% (Fig. 6F ). This phenomenon may be caused by the looping search pattern in rats administrated by (Fig. 6G) . The protein levels of APP and BACE1 were measured by Western blot. As shown in Figure 6 , H and I, APP and BACE1 protein levels were significantly increased in both the hippocampus and the cortex in rats treated with lenti-pre-AMO-miR-195, compared with NC group. Cotransfection with the lenti-pre-miR-195 could reverse the effects of (Fig. 6 H, I ). The results were further supported by the increase of insoluble A␤ 42 from the hippocampus after the lenti-pre-AMO-miR-195 injection (8.45 Ϯ 0.18 pmol/L), which was reversed by cotransfection with the lenti-pre-miR-195 (5.19 Ϯ 0.74 pmol/L), although the soluble A␤ 42 levels were not significantly changed among three groups (Fig. 6J ) . Similar changes of A␤ 42 level were observed in blood samples ( Fig. 6K; 6 .98 Ϯ 0.12, 8.53 Ϯ 0.22, and 6.85 Ϯ 0.15 pmol/L in NC; ; and AMO ϩ miR-195 group, respectively). Importantly, miR-195 effectively reversed the increased ratios of A␤ 42 /A␤ 40 induced by in both the hippocampus (Fig. 6 L) and plasma (Fig. 6M ) .
miR-195 mimics mitigate dementia phenotype induced by 2VO
The next question we asked ourselves was if miR-195 indeed plays a significant role in controlling dementia initiation and maintenance, and if miR-195 is downregulated in the 2VO dementia model, the overexpression of miR-195 should be able to prevent the dementia phenotype induced by 2VO. To test this hypothesis, lenti-pre-miR-195 was injected into the hippocampus of 2VO rats. Our data showed that lenti-pre-miR-195 reduced the prolonged latency to locate the platform in 2VO rats at day 1 ( Fig. 7A (Fig. 7C ) and the percentage of swimming distance in the target quadrant relative to the total distance in 2VO rats (ϳ38%) compared with 2VO rats treated by NC (Fig. 7 D, E; ϳ22%) .
As predicted, increased APP expression in both the hippocampus and the cortex of 2VO rats was prevented by lenti-pre-miR-195 transfection (Fig. 7F ) . Interestingly, miR-195 inhibited the increased APP and BACE1 expression in the hippocampus induced by 2VO, but did not affected their levels in the cortex (Fig. 7G) . The relative higher expression of miR-195 in the hippocampus than in the cortex of rats after lenti-pre-miR-195 injection might explain the disparate results between APP and BACE1 expression (Fig. 7H ) . MiR-195 also significantly inhibited the increased insoluble A␤ 42 level in the hippocampus ( Fig. 7I ; insoluble: 5.83 Ϯ 0.36, 9.41 Ϯ 0.41, 6.98 Ϯ 0.23 pmol/L in NC, 2VO ϩ NC, and 2VO ϩ miR-195, respectively) and total A␤ 42 level in plasma ( Fig. 7J; 6 .98 Ϯ 0.12, 8.98 Ϯ 0.09, 7.54 Ϯ 0.10 pmol/L in NC, 2VO ϩ NC, and 2VO ϩ miR-195, respectively). Thereafter, we found that miR-195 also effectively mitigated the increased ratios of A␤ 42 /A␤ 40 in both the hippocampus and plasma induced by 2VO (Fig. 7 K, L) .
Mechanisms for downregulation of miR-195 in dementia following 2VO
Having shown that downregulation of miR-195 played a pivotal role in controlling dementia pathology at least partially via regulating expression of APP and BACE1, we went on to elucidate potential molecular mechanisms underlying the deregulation of miR-195 in 2VO rats. Our computational analysis revealed multi-NFB binding sites in the promoter domain of the miR-195 gene (Fig. 8A) . Intriguingly, NFB members have been found to contribute to several neurodegenerative disorders, such as AD and Parkinson's and Huntington's disease (Hunot et al., 1997; Kaltschmidt et al., 1997; Khoshnan et al., 2004) , and to be activated under anoxia (Sirabella et al., 2009) . We therefore examined the possibility of NFB as a regulator of miR-195 transcription. We found that the promoter sequences of miR-195 are highly conserved between human and rat (Fig. 8A) . More important was that there are seven optimal and conserved NFB binding sites in the promoter region of the miR-195 gene (Fig.  8A) . We then tested whether NFB could directly bind to the promoter region of miR-195 using ChIP analysis. The data in Figure 8 , B and C, suggest that NFB is able to bind to the miR-195 promoter, and the binding site located in Ϫ2000 to Ϫ1708 bp upstream of the pre-miR-195 promoter. Next, we evaluated the effect of NFB on miR-195 expression. As shown in Figure 8 , D and E, the total protein level of NFB did not change in either the hippocampus or the cortex, but it was significantly increased in the nuclear extracts as a proportion of total NFB protein. This finding indicated that NFB may negatively regulate miR-195 expression. In line with our prediction, LPS (an agonist of the p65 subunit of NFB) significantly inhibited the expression of miR-195 in primary cultured hippocampus neurons (Fig. 8F ) . As expected, LPS significantly triggered upregulation of both APP and BACE1, an effect abolished by cotransfection with miR-195 (Fig. 8G,H ) . The results implied that actions of NFB on APP and BACE1 were partially dependent on miR-195.
Discussion
Together, the present study displayed that downregulation of miR-195 mediated the formation of A␤ 42 by upregulating the expression of both APP and BACE1, thereby increasing the susceptibility to dementia of rats following CBH by 2VO. Another finding is that NFB negatively regulated the expression of miR-195. Therefore, our study revealed a novel insight into the molecular mechanisms of dementia at the miRNA level. Furthermore, our results suggest the possibility of miR-195 as an endogenous anti-dementia miRNA: downregulation of miR-195 can result in an increased vulnerability to dementia.
Consideration of the 2VO animal model
Senile dementia is a slow developmental process, which results not only from genetic background but also from multi-effectors. Since aggregation of A␤ (signed by senile plaques), a production of aberrant APP metabolism by BACE1, is considered as a causative factor for dementia, numerous studies focused on the molecular mechanisms of dementia triggered by the A␤ aggregation in transgenic mice. However, the predisposing factors of the A␤ aggregation are still poorly understood due to the lack of an ideal animal model that mimics the developmental process of dementia in clinic. There is a consensus that brain hypoxia is a pivotal inducer of dementia. However, acute cerebral infarction after stroke was not suitable to assess the cognitive function due to the severe dyskinesia. A moderate but persistent reduction in brain blood flow, also named chronic brain hypoxia, was reported to control. compromise memory processes and contribute to the development and progression of dementia (Farkas et al., 2007; Gorelick et al., 2011) , which better reflects the status of patients suffering from dementia in clinic. Previous studies have documented that CBH generated by 2VO can provoke chronic brain hypoxia without motor dysfunction in rats (Sarti et al., 2002a) , we therefore used a rat model of CBH by 2VO in the present study. Our data showed that 2VO for 8 weeks in rats not only induced CBH but also triggered spatial memory impairment without motor dysfunction. The pathophysiological characteristics of CBH induced by 2VO were further indicated by the downregulation of MAP2 and upregulation of GFAP. In addition, 2VO rats displayed spatial memory impairment: the failure to use the cues to learn to find goals in learning trial and the decreased swimming distance in target quadrant in the probe trial. These results demonstrated that CBH generated by 2VO for 8 weeks in rats could induce impairment of cognition, which is in line with previous reports (Sarti et al., 2002b; Kumaran et al., 2008) . It is worth mentioning that, in the present study, we used SD rats but not Wistar rats to establish the 2VO animal model due to a greater mortality of Wistar rats after 2VO than SD rats, which have a relative larger circle of Willis. Basically, ϳ33-37% rats were excluded from the experiment due to the loss of pupillary reflex, which was consistent with a previous report (Stevens et al., 2002) .
2VO produces deposition of A␤ association with downregulation of miR-195
Several studies have reported that cerebral hypoperfusion induces dysfunction of metabolism including changes of glucose metabolism, ATPase activity, and the lac- -195 in the hippocampus and the cortex tissues after stereotaxic injection for 8 weeks using qRT-PCR. Rats were transfected with lenti-pre- or NC. Data shown were from six rats for each group. *p Ͻ 0.05 versus NC; # p Ͻ 0.05 versus lenti-pre-AMO-miR-195. C, Average escape latency to platform at day 1 after lenti-pre- treatment, and NC. n ϭ 6 for NC group, n ϭ 8 for lenti-pre-AMO-miR-195 group, and blank n ϭ 8 for lenti-pre-AMO-miR-195 ϩ lenti-pre-miR-195 group. D, Mean daily latenciestoescapefromthestartpointontothehiddenplatformafterlenti-pre- treatment for 8 weeks. n ϭ 6 for NC group, n ϭ 8 for lenti-pre-AMO-miR-195 group, and n ϭ 8 for lenti-pre-AMO-miR-195 ϩ lenti-pre-miR-195group.E,Numberoftimescrossedthetargetplatformlocationduringprobetrial.*pϽ0.05versusNC, n ϭ 6. tate concentration, as well as reduced dendritic arborization (Friedrich and Aszó di, 1991; Farkas et al., 2007) . Here we observed that 2VO triggered the A␤ deposition, which was accompanied by upregulation of both APP and BACE1 proteins, which was consistent with previous reports (Bennett et al., 2000; Zhiyou et al., 2009 ). Cleavage of APP by BACE1 is the basis for A␤ 42 formation, and A␤ 42 accumulation is found in most dementias. Since A␤ is not only an initiator of senile plaques but also an inducer of hyperphosphorylated tau protein and neurotoxicity, its accumulation is thought to be an initial causative factor for dementia (Cole and Vassar, 2009 ). Thus, either preventing the deposition or promoting the clearance of A␤ may be a rational approach for the treatment of dementia patients (Palop and Mucke, 2010) . In the present study, we found that 2VO or AMO-195 injection induced, while upregulation of miR-195 by lenti-pre-miR-195 transfection prevented, the increase of insoluble A␤ 42 levels in the hippocampus of rats. In contrast, the soluble A␤ 42 levels were not changed. A possible explanation for this observation is that since amyloid formation is a dynamic process, the size of the water-soluble pool will likely fluctuate. Here we are dealing with TBS-soluble A␤ 42 , which is considered as the A␤ 42 secreted to the extracellular environment (Sakono and Zako, 2010) . Hence, we speculated that the soluble A␤ 42 remained unaltered because it was rapidly incorporated into the insoluble A␤ filaments form, but was not taken up by cells into intracellular pools (as indicated by the lack of appreciable change in the level of RIPA-soluble A␤ 42 that was observed; data not shown here). It is worthy of mentioning that the increased ratio of A␤ 42 / A␤ 40 is considered more crucial than the absolute amount of peptides for induction of neurotoxic conformation (Kuperstein et al., 2010) , and a higher ratio of A␤ 42 /A␤ 40 was demonstrated to be associated with higher BACE1 activities (Yin et al., 2007) . Here we found that miR-195 effectively mitigated the increased ratios of A␤ 42 /A␤ 40 in both the hippocampus and plasma of rats induced by either or 2VO. The results strongly supported that downregulation of miR-195 could induce cognitive impairment associated with abnormal APP processing.
Though the increased expression of BACE1 and APP proteins and their activities were hallmarks in both AD and VaD patients, the mRNA level of BACE1 was found unaltered, while that of APP was Figure 7 . miR-195 attenuates learning and memory deficits in 2VO model. A, Comparison of averaged escape latency to find the platform from three nontarget quadrants at training day 1 after 2VO and 2VO ϩ lenti-pre-miR-195 treatment for 8 weeks. n ϭ 6. B, Mean daily latencies to escape from the start point to the hidden platform after 2VO and 2VO ϩ lenti-pre-miR-195 treatment for 8 weeks, n ϭ 6. C, Number of times crossing the target platform location during probe trial. *p Ͻ 0.05 versus NC, #p Ͻ 0.05 versus 2VO, n ϭ 6. D, Percentage of swimming distance in the target quadrant relative to the total distance during probe trial. *p Ͻ 0.05 versus NC, # p Ͻ 0.05 versus 2VO, n ϭ 6. E, Representative path tracings of the probe test on day 6 in the MWM test for each group. Edge-type swim tracing was recorded in 2VO rats, which was reversed by lenti-pre-miR-195. reduced in the AD and/or aging brains (Harrison et al., 1994; Preece et al., 2003) . In contrast, we found, in the present study, that the level of APP mRNA was unchanged whereas BACE1 mRNA was decreased. These results indicated that posttranscriptional regulation of BACE1 and APP expressions might play a pivotal role under different disease states. A number of ered as modulators of protein expression at the posttranscriptional level, modulating the development, function, and pathogenesis in multiple types of diseases. Our findings here disclosed that miR-195, which was able to regulate the expression of both APP and BACE1 genes, was downregulated in both the hippocampus and the cortex of 2VO rats and in the blood of both 2VO rats and patients who were diagnosed with VaD as well, suggesting that downregulated miR-195 might play a role in the initiation and maintenance of dementia induced by CBH. Of note, a recent study reported that, under physiological conditions, NFB triggered a repressive effect on A␤ production that contributes to maintaining its homeostasis, while participating in a degenerative cycle in which A␤ would feed its own production under pathological conditions (Chami et al., 2012 ). Here we found that NFB also regulated the expression of APP and BACE1 indirectly through regulating miR-195 along with its direct action on the APP and BCAE1 transcription (Buggia-Prevot et al., 2008) , implying that effect of NFB on APP and BACE1 were partially dependent on miR-195 following CBH. In addition, why the BACE1 mRNA level was decreased in rats following 2VO is unclear, and this needs to be studied further.
MiRNA-195 protects against dementia via its antiamyloidogenic effect
Our study provided strong evidence that downregulation of miR-195 in both the hippocampus and the cortex by lenti-pre-AMO-miR-195 injection could produce susceptibility to dementia due to upregulation of APP and BACE1. In contrast, lenti-pre-miR-195 injection into the hippocampus improved the memory impairment induced by 2VO, which was accompanied by the decreased expression of both APP and BACE1, and the reduced A␤ depositions as well, though the lost learning ability was not improved. The mechanisms for these observations need to be studied further, yet, the improvement of reduced memory in 2VO rats after lenti-pre-miR-195 injection suggests that upregulation of miR-195 is a way to prevent dementia associated with CBH. It is worth mentioning that the miR-195 family harbors many other members including miR-15abc/16/16abc/322/424/497/ 1907 (http://www.targetscan.org) , and previous studies have reported that there are many other miRNAs that can also regulate APP or BACE1 expression. Whether these miRNAs also exert their functions under CBH conditions is unclear. However, it is intriguing that miR-195, miR-16, and miR-15b seem to independently exert their functions under different disease models, though they are grouped into the same miRNA family. For example, in an age-associated AD animal model (SAMP8), the miR-16 level was significantly decreased with only minor a change of miR-195 level (Liu et al., 2012) . In human AD brain, both miR15b and miR-16 levels were downregulated in white matter with no change of miR-195, while the miR-195 level was decreased in gray matter with no changes of miR-15b and miR-16 expression . In the present study, miR-195 was found decreased whereas miR-16 and miR-15b remained unaltered in the CBH rat model. These results together suggested that miRNAs involved in the same family cluster do not necessarily play a role at the same time and exert the same function.
Limitations and prospects
In the present study, though we have demonstrated the direct action of miR-195 on the expression of APP and BACE1 using both in vitro and in vivo models, and the promise of miR-195 to prevent dementia induced by 2VO, we cannot exclude other possible mechanisms. Multidisciplinary research has explored various approaches for preventing and/or delaying the onset of latelife dementia (Larson, 2010) . There is a great interest in novel therapeutic approaches to treat dementia, one of which in early development is gene therapy (Roshan et al., 2009 ). Our findings suggest that miR-195 might be a candidate for dementiatargeting gene therapy in the future. However, it should be noted that the data from this study were primarily based upon animal model investigation; caution must be taken when extrapolating the results to humans.
